We discuss the relation between the effective vector meson mass and equation of state (EOS) for nuclear matter. In the mean field approximation, the EOS becomes softer due to the reduction of the effective ω-meson mass, if we assume that the ω-meson mean field is proportional to the baryon density. We examine the assumption by using the auxiliary field method at finite temperature and /or density.
Introduction
Medium effects on the vector meson masses are much interested in the hadron and nuclear physics. [1] Because of its short life time, the reduction of the ρ-meson mass is expected to be a signal of the hot and dense matter which may be produced in the high-energy heavy ion collisions. [2] On the other hand, the ω-meson is important for the nuclear structure. It is reported that the reduction of the effective vector meson mass makes the nuclear matter EOS stiffer. [3] In this paper, we discuss the relation among the effective vector meson masses, the effective vector meson-nucleon coupling and the nuclear EOS, using the generalized mean field theory. [4, 5] We show that, if we assume that the ω (ρ)-meson mean field is proportional to the baryon (isovector) density, the effective ω (ρ)-nucleon coupling also becomes smaller as the effective ω (ρ)-meson masses becomes smaller and the EOS becomes softer. [5] We examine the assumption by using the auxiliary field method [6] at finite temperature and/or finite density. It is shown that, in the simple model with four fermion interactions, the value of the ω-meson mean field is exactly proportional to the baryon density.
Effective meson mass and effective meson-nucleon coupling
In the generalized mean field theory, [4, 5] the effective couplingsĝ σ,ω,ρ and the effective meson masses m * σ,ω,ρ are defined bŷ
where σ, ω, ρ, Σ s , Σ v , k F , m * and ǫ are the σ-meson mean field, the ω-meson mean field, the ρ-meson mean field, the scalar self-energy for the nucleon, the vector selfenergy for the nucleon, the Fermi momentum, the effective nucleon mass and the energy density for the nuclear matter, respectively. If there is no mixing element in the effective meson-mass matrix, [4, 5] the first derivative of the pressure P for the symmetric nuclear matter with respect to the baryon density ρ B is given by
If we assume that the value of the ω-meson mean field is proportional to the baryon density,ĝ ω is related to m * ω by the relation
where g ω and m ω are the ω-nucleon coupling and the ω-meson mass at zero density, respectively. [5] Similarly, if the ρ-meson mean field is proportional to the isovector density ρ 3 , the effective couplingg ρ for the asymmetric nuclear matter is related with m * ρ by the relationg
where g ρ and m ρ are the ρ-nucleon coupling and the ρ-meson mass at zero density, respectively. [5] If the values of the vector meson fields are proportional to the corresponding baryonic currents, the mixing elements of the effective meson mass matrix vanish and Eq. (2) holds true. Putting Eq. (3) into Eq. (2), we obtain
If m * ω decreases,ĝ ω also decreases according to Eq. (3) and dP dρB becomes smaller according to Eq. (5). Therefore, the EOS becomes softer. On the other hand, due to the equation (4), the EOS for the asymmetric nuclear matter becomes softer if the effective ρ-meson mass becomes smaller. [5] 3 Auxiliary field method
In the previous section, we assume that the value of the ω-meson mean field is proportional to the baryon density. In view point of quark (q) physics, the assumption might be natural. [7] In this section, we examine the assumption, using the four fermion interaction model and the auxiliary field method [6] at finite temperature (T ) and/or finite density.
We start with the following generating function with finite source J µ for the vector currentqγ µ q.
where β = 1/T and V is the three dimensional volume. Inserting the identity for the auxiliary field Ω µ
into Eq. (6), we obtain
If we defineΩ µ = Ω µ + J µ , we obtain
Differentiating the logarithms of Eqs. (6) and (9) with respect to J µ , we obtain
Putting
Therefore, the ω-meson mean field is proportional to the baryon density ρ B .
Summary and discussions
In summary, we have discussed the relation between the effective vector meson masses and equation of state (EOS) for nuclear matter in the framework of the generalized mean field theory. We have shown that, if we assume that the ω (ρ)-meson mean field is proportional to the baryon (isovector) density, the effective ω (ρ) -nucleon coupling also becomes smaller as the effective ω (ρ)-meson masses becomes smaller and the EOS becomes softer.
We examine the assumption by using the auxiliary field method at finite temperature and/or finite density. In the simple model with four fermion interactions, the mean field of the ω-meson, which is composed of quark and anti-quark, is exactly proportional to the baryon density. However, if we use the simplest mean field approximation, the meson-nucleon coupling does not have the density dependence for this simplest model. Therefore, it is needed to generalize our analysis beyond the mean field approximation or to generalize our auxiliary field method to more complex models with many fermion interaction. These works are now in progress.
